INTRODUCTION {#s1}
============

Acute ischemic stroke contributes substantially to the global burden of disease and disability with the aging of the population \[[@R1], [@R2]\]. The cost of stroke and Stroke cytoprotection were high, with a global stroke incidence of 10.3--16.9 million annually and a high risk for recurrence in patients who suffer an acute stroke \[[@R3], [@R4]\]. Large-artery atherosclerosis subtype is one of the main types of acute ischemic stroke. The cumulative 1-year event rates of noncardioembolic ischemic stroke were 18% for combined vascular events in China \[[@R5]\]. Hypertension, hyperlipidemia and diabetes are involved in the development of atherosclerosis,which plays an important role in the process of large cerebral artery stenosis. Patients with well-controlled these factors still have a high incidence of cardiovascular events \[[@R6]--[@R8]\]. Thus, finding the risk factors of large cerebral artery stenosis is a topic of considerable interest.

Cystatin C (CysC), a 13-kD protein, is encoded by CST3 gene and constitutively expresses in all nucleated cells \[[@R9]\]. CysC is considered as an excellent biomarker of glomerular filtration rate estimation \[[@R10]\] because serum CysC is better than serum creatinine in the evaluation of renal function \[[@R10], [@R11]\]. Moreover, Serum CysC levels are less dependent on muscle mass, age, race and sex than creatinine \[[@R12]\]. In addition, serum CysC also serves as an indicator of renal function for the adjustment of medication doses \[[@R13], [@R14]\]. A recent study demonstrated a close correlation between elevated serum CysC levels and ischemic stroke or hemorrhagic stroke, and increased serum CysC may be used as a predictor for high risk of stroke or death \[[@R15]\]. Our previous studies also demonstrated that increased serum CysC is an independent risk factor for acute ischemic stroke \[[@R16]\]. Thus, it is important to detect the levels of serum CysC in patients with stroke.

CysC, an excellent biomarker of glomerular filtration rate estimation, is a risk factor for cardiovascular events \[[@R17]\]. Patients with carotid atherosclerosis have higher concentration of serum CysC \[[@R18], [@R19]\]. However, the correlation between increased serum CysC and the stenosis of large cerebral arteries in patients with AIS is unclear. Therefore, we examined the relationship between CysC and large cerebral artery stenosis in patients with acute ischemic stroke.

RESULTS {#s2}
=======

Serum CysC increased in patients with AIS and stenosis {#s2_1}
------------------------------------------------------

Among 252 patients with AIS, 131 subjects (52.0%) were categorized as the normal group without large cerebral artery stenosis and 121 patients (48.0%) were in stenosis group with large cerebral artery stenosis. Demographics, baseline physical exam characteristics, and laboratory variables were listed in Table [1](#T1){ref-type="table"}. There was no difference in age, sex, SBP, and CRP between control group and stenosis group.

###### Demographic characteristics of patients with ischemic stroke

  Characteristics                                  Normal(n=131)   Stenosis(n=121)   P\*
  ------------------------------------------------ --------------- ----------------- ---------
  Age (years ^a^)                                  61 (19.0)       65 (17.0)         0.20
  Sex (M/W)                                        102/29          96/25             0.78
  Smoking, n (%)                                   53(40.5)        48(39.7)          0.90
  Hypertension, n (%)                              89 (67.9)       83 (68.6)         0.91
  DM, n (%)                                        22 (16.8)       15 (12.4)         0.32
  Dyslipidemia, n (%)                              24(18.3)        25(20.7)          0.64
  SBP (mmHg ^b^)                                   145± 19.6       147± 21.0         0.562
  DBP (mmHg ^a^)                                   80 (18)         84 (78, 93)       0.45
  FBG (mmol/L^a^)                                  5.44 (1.59)     5.47(1.35)        0.419
  Urea (mmol/L^a^)                                 4.60 (1.90)     4.70 (1.70)       0.48
  CRP(mmol/L ^a^)                                  5.60 (2.20)     5.60(2.90)        0.35
  Cr (lmol/L ^a^)                                  65.0(18.0)      70.0(27.0)        0.011
  Uric acid (mmol/L ^b^)                           315 ± 88.7      323 ± 89.4        0.46
  Calcium                                          2.19(0.17)      2.23(0.19)        0.034
  Hcy(mmol/L ^a^)                                  16.67 (5.17)    16.67 (4.92)      0.929
  Circulation, n (%)                                                                 
   Anterior                                        72(55.0)        61(50.4)          
   Posterior                                       24(18.3)        18(14.9)          0.37
   Both                                            35(26.7)        42(34.7)          
  Stroke classification by TOAST criteria, n (%)                                     
   Large-artery atherosclerosis                    0 (0)           66(54.5)          
   Cardioembolism                                  21(16.0)        6(5.0)            
   Small-vessel occlusion                          60(45.8)        31(25.6)          \<0.001
   Other etiology                                  4(3)            4(3.3)            
   Undetermined etiology                           46(35.1)        14(11.6)          

A →\* p value\<0.05 was considered statistically significant. n: number; M: men; W: women; DM: diabetes; SBP: systolic blood pressure; DBP: diastolic blood pressure; FBG: fasting blood glucose; Cr: creatinine; CRP: C-reactive protein; SD: standard deviation; IQR: interquartile range.

^a^ Data represented the median(IQR).

^b^ Data represented mean ± SD.

Among the patients, serum CysC levels increased significantly in stenosis group compared with normal group (P\<0.001) as shown in Figure [1](#F1){ref-type="fig"}. These data suggested that the increase of serum CysC was related to large cerebral artery stenosis in patients with AIS, even when those possible confounders (age, sex, smoking, type 2 DM, dyslipidemia, Cr, Urea, Uric acid, hcy, CRP) were adjusted as shown in Table [2](#T2){ref-type="table"}.

![Serum concentration of Cystatin C (mean±2SE)\
Serum cystatin C was significantly elevated in the patients with artery stenosis. Serum CysC levels were measured after overnight fasting at the second day after admission by using venous blood samples. (\*\*\*p value\<0.001, versus normal group).](oncotarget-08-67181-g001){#F1}

###### Adjusted mean (±SD) values of serum concentration of CysC

  Serum CysC   Adjusted CysC(mg/L)   P\*           
  ------------ --------------------- ------------- ----------
  Crude        0.98 ± 0.21           1.09 ± 0.21   \< 0.001
  Model 1      0.98 ±0.18            1.09 ± 0.19   \<0.001
  Model 2      0.99 ± 0.18           1.08 ±0.19    \<0.001
  Model 3      1.00 ± 0.15           1.06 ±0.15    0.002
  Model 4      1.00 ± 0.15           1.06 ±0.15    0.003

Model 1 included age, sex, and smoking; Model 2 included variables in model 1 plus hypertension, type 2 DM, Dyslipidemia; Model 3 included variables in model 2 plus values of Cr, Urea, Uric acid; Model 4 included variables in model 3 plus values of hcy, CRP. \*p values was generated by general linear models, with adjustment for pairwise comparisons.

Serum CysC was highly associated with large cerebral artery stenosis but not the location of large cerebral artery stenosis in patients with AIS {#s2_2}
------------------------------------------------------------------------------------------------------------------------------------------------

To examine the relationship between increased serum CysC and large cerebral artery stenosis, regression analyses were performed in patients with AIS. The results indicated that CysC was a risk factor for large cerebral artery stenosis in patients with AIS(OR=15.35, 95 %CI 4.17--56.54, p \< 0.001; Table [3](#T3){ref-type="table"}). After adjusting according to potential confounders, such as age, sex, and smoking, hypertension, type 2 DM, dyslipidemia, hcy, and CRP, CysC is an independent risk factor for large cerebral artery stenosis in patients with AIS (OR=17.46, 95 %CI 2.70−113.14, p=0.003; Table [3](#T3){ref-type="table"}).

###### Logistic regression analysis for large cerebral artery stenosis

  Serum CysC   Stenosis   P\*           
  ------------ ---------- ------------- ---------
  Crude        15.35      4.17-56.54    \<0.001
  Model 1      19.70      4.60-84.28    \<0.001
  Model 2      19.32      4.45-83.92    \<0.001
  Model 3      16.74      2.67-105.09   0.003
  Model 4      17.46      2.70-113.14   0.003

Variables and conditions of the models are the same as in Table [2](#T2){ref-type="table"}.

As showed in Table [4](#T4){ref-type="table"}, patients with large cerebral artery stenosis were divided into 4 groups, vertebral-basilar artery stenosis group (VBA stenosis), internal carotid artery stenosis group(ICA stenosis), middle cerebral artery stenosis group (MCA stenosis), and at least 2 large cerebral artery stenosis group (Combined stenosis). General linear model analysis indicated that there were no significant differences for serum CysC among the groups even after adjustment according to the confounders such as age, sex, and smoking, hypertension, type 2 DM, dyslipidemia, hcy, and CRP. These data suggested that serum CysC were not associated with the location of large cerebral artery stenosis in patients with AIS.

###### Logistic regression analysis for the position of large cerebral artery stenosis

  Serum CysC   Adjusted CysC(mg/L)   P\*                                    
  ------------ --------------------- ------------ ------------ ------------ -------
  Crude        1.03 ±0.50            1.10 ±0.41   1.14 ±0.46   1.10 ±0.51   0.340
  Model 1      1.05 ±0.42            1.09 ±0.34   1.11 ±0.40   1.12 ±0.43   0.629
  Model 2      1.05 ±0.43            1.09 ±0.34   1.11 ±0.40   1.12 ±0.44   0.570
  Model 3      1.06 ±0.35            1.08 ±0.28   1.09 ±0.32   1.15 ±0.36   0.255
  Model 4      1.06 ±0.35            1.09 ±0.29   1.09 ±0.33   1.15 ±0.36   0.301

Variables and conditions of the models are the same as in Table [2](#T2){ref-type="table"}.

Patients with high serum CysC had a high risk of large cerebral artery stenosis {#s2_3}
-------------------------------------------------------------------------------

As previously reported \[[@R16]\], total patients were divided into five subsets by using cutoff points at the 20th, 40th, 60th, and 80th percentiles of serum CysC values. After adjustment according to potential confounders such as age, sex, and smoking, hypertension, type 2 DM, dyslipidemia, hcy, and CRP, the odds ratios (and 95 %CIs) for large cerebral artery stenosis were analyzed (Table [5](#T5){ref-type="table"}). Compared with the first quintile, the fourth and the fifth quintile of the odds ratios (95% confidence intervals) for large cerebral artery stenosis were 1.26(1.03-6.77, p\<0.05) and 4.71(1.45-15.26, p\<0.05) after adjustment for age, sex, and smoking, hypertension, type 2 DM, Dyslipidemia, Cr, Urea, Uric acid, hcy, CRP. Patients with low serum CysC in quintile 1 to 3 demonstrated a similar risk of having a large cerebral artery stenosis, while patients with high serum CysC in quintile 4 (P\<0.05, Table [5](#T5){ref-type="table"}) and quintile 5 (P\<0.05, Table [5](#T5){ref-type="table"}) were at high risk of having large cerebral artery stenosis.

###### The association between CysC and the risk of stenosis

  Serum CysC                              Quintile 1   Quintile 2        Quintile 3        Quintile 4          Quintile 5
  --------------------------------------- ------------ ----------------- ----------------- ------------------- ------------------------
  Range of values (mg/L)                  \<0.86       0.87--0.95        0.96--1.06        1.07--1.20          \>1.21
  No. of cases                            50           55                52                51                  44
  No. of stenosis                         16           22                23                29                  31
  Incidence, %                            34.2         34.6              46.9              39.6                73.8
  Odds ratio (95 % confidence interval)                                                                        
  Unadjusted                              1.00         1.42(0.64-3.16)   1.68(0.75-3.78)   2.80(1.24-6.31)\*   5.07(2.10-12.20)\*\*\*
  Adjusted                                1.00         1.36(0.59-3.15)   1.51(0.61-3.71)   1.26(1.03-6.77)\*   4.71(1.45-15.26)\*

Variables and conditions included age, sex, and smoking, hypertension, type 2 DM, Dyslipidemia, Cr, Urea, Uric acid, hcy, CRP. (\*p value \<0.05, \*\*\* p value \<0.001)

DISCUSSION {#s3}
==========

The incidence of AIS is rapidly increasing with associated the aging of the population \[[@R1], [@R2]\]. The independent risk factors of ischemic heart disease had highly improved treatment strategy on myocardial infarctio \[[@R20]\], meanwhile, efficient blood independent risk factors of large cerebral artery stenosis are urgently required \[[@R21]\]. The present study showed markedly elevated serum CysC levels in AIS patients with large cerebral artery stenosis compared with patients without large cerebral artery stenosis. More importantly, our data indicated that increased serum CysC was an independent risk factor of large cerebral artery stenosis.

CysC is highly espressed in the central nervous system \[[@R22]\]. Studies reported that the concentration of CysC in cerebrospinal fluid is more than 5 times in the blood, which implies that CysC plays an important role in the central nervous system \[[@R23]\]. The close association between increased serum CysC and cerebral small vessel disease has been reported \[[@R24]\]. In this study, it is the first time to use DSA for the evaluation of large cerebral artery stenosis and examine the relationship between increased serum CysC and large cerebral artery stenosis. So far, DSA remains the golden standard for lumenographic imaging method and visualizing the degree of stenosis with excellent resolution, despite of the fact that it has some disadvantages \[[@R25], [@R26]\]. Our findings demonstrated that increased serum CysC was an independent risk factor for large cerebral artery stenosis in patients with AIS.

Major mechanisms regulating cerebral artery function have been reported \[[@R27]\], and atherosclerosis may predispose to clinical stroke. Importantly, molecular targets that may be of beneft for patients in clinical stroke and perhaps the prevention or treatment of ischemic stroke, were identifed. Cerebral artery function is very sensitive to endothelial dysfunction that occurs during chronic disease, resulting in impairment of vasodilator mechanisms. Atherosclerosis is the underlying pathological process for large cerebral artery stenosis, which is a main cause of cerebrovascular disease \[[@R28]\].

The presence of renal dysfunction is closely associated with cardiovascular events. A recent study demonstrated that decreased epidermal glomerular filtration rate is only associated with an increased risk of ischemic stroke \[[@R29]\]. Moreover, microalbuminuria associated with vascular endothelial dysfunction in deep small infarcts and cerebral small vessel disease have been reported \[[@R29]--[@R31]\]. Recent study showed that increased CysC levels were more closely related to large-artery atherosclerosis (LAA) subtype of cerebral infarction than other subtype \[[@R32]\], suggesting CysC may play a role in the process of atherosclerosis. The elevated levels of CysC in serum were not just in acute stress reaction \[[@R33]\]. Chronic inflammation is known to promote the development of atherosclerosis \[[@R34]\], The correlation of CysC with chronic inflammation was discussed \[[@R35]\], which implied CysC may be involved in the process of large cerebral artery stenosis via chronic inflammation. In addition, as an inhibitor of cysteine proteases, high levels of serum CysC directly affect the process of vascular wall remodeling by breaking the balance of proteolytic and anti-proteolytic activities \[[@R36]\]. Importantly, our data reported that elevated CysC levels were an independent risk factor for large cerebral artery stenosis in patients with AIS. Thus, it is important to detect the levels of CysC, especially in AIS patients with large cerebral artery stenosis.

There are some limitations in this study. Firstly, data were gathered from a single hospital and sample size was limited: this may caused inherent biases. Secondly, We have only examined the levels of CysC during hospitalization, it could not reveal whether the increased CysC levels were an outcome or a causative factor in cerebral vessel disease. Thirdly, the mechanism of independent association of increased the serum CysC with large artery stenosis remains unclear, and further experiments to explain are needed. Therefore, further follow-up study is needed. In addition, the relationship between cerebral vessel stenosis and serum CysC levels still needs to be elucidated by careful design of longitudinal studies.

In summary, although further validation and evaluation in clinical settings are needed, the present findings showed that increased serum CysC was highly associated with large cerebral artery stenosis and was an independent risk factor of large cerebral artery stenosis in patients with AIS.

MATERIALS AND METHODS {#s4}
=====================

Patients {#s4_1}
--------

This study was approved by the Ethics Committee of the Second Affiliated Hospital of Soochow University. Total 252 patients with acute ischemic stroke who were examined with cerebral digital subtraction angiography (DSA) within 7 days stroke from January 2012 to December 2015 in the Second Affiliated Hospital of Soochow University were enrolled in this study. All the patients provided informed consent forms to participate. Acute ischemic stroke were defined as acute focal neurological deficits, which lasted more than 24 hours and was confirmed by the presence of computed tomography and/or magnetic resonance imaging. Large cerebral artery stenosis was defined as a narrowing of the relevant artery lumen of ≥50% or occlusion by viewing cerebral DSA videos. Accordingly, all patients were divided into two groups: stenosis group and normal group. Ischemic strokes were categorized originally into five groups as recommended by the diagnostic criteria \[[@R37]\]: large-artery atherosclerosis, cardioembolism, small-vessel occlusion, other etiology, and undetermined etiology. The exclusion criteria included patients with encephalitis, neurodegenerative diseases, hematological disorders, and serious systemic diseases such as urinary, cancer, trauma, infectious.

Measurement of serum CysC and other risk factors {#s4_2}
------------------------------------------------

Serum CysC, urea, creatinine, C-reactive protein (CRP), uric acid, triglycerides, high-density lipoprotein (HDL) cholesterol, fasting plasma glucose, low-density lipoprotein (LDL) cholesterol, and total cholesterol (TC) were measured after overnight fasting by using venous blood samples. The methods for these biochemical parameters were performed as in our previously reported \[[@R16]\]. Hypertension was considered to be present if patients had been previously diagnosed according to guidelines set by the World Health Organization and the International Society of Hypertension. Diabetes mellitus was determined by the previous use of anti-diabetic medication, fasting blood glucose ≥ 7.0 mM, or postprandial blood glucose after 2 hours ≥11.1 mM.

Cerebral DSA examination {#s4_3}
------------------------

Large cerebral artery was defined as the internal carotid artery main stem, the middle cerebral artery (M1), and the vertebral-basilar artery \[[@R38], [@R39]\]. Large cerebral artery stenosis was defined as a narrowing of the relevant artery lumen of ≥50% or occlusion by viewing cerebral DSA videos \[[@R40]\]. Angiography was performed through a common femoral artery approach, using a standard guidewire and a 5-French catheter. DSA images were observed on a Philips biplane Easy Vision workstation with anterior-posterior, oblique and lateral views, utilizing a 1024 × 1024 matrix and a 30-cm-diameter image intensifier. Two observers assessed luminal narrowing of cerebral vessel disease by viewing DSA videos without knowing about the symptomatic side.

Statistical analysis {#s4_4}
--------------------

Descriptive statistics for continuous variables were expressed as the mean ± standard deviation (SD); categorical variables were expressed as constituent ratios. For serum CysC, mean values (±2SE) were depicted graphically based on the cerebral artery status. A general linear model was used to estimate the relationship between adjusted CysC values and large cerebral artery stenosis. Bonferroni tests were implemented to correct the error generated by multiple comparisons. Finally, the association between large cerebral artery stenosis and CysC levels were estimated with regression analyses, and the odds ratio (OR) and 95% confidence intervals (CI) were estimated. All statistical analyses were performed by using the SPSS software (version 24.0) (SPSS Inc., Chicago, IL, USA).
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